Time spent by adult beetles in cold storage at 3-7 ~ accounted for 81% of the loss of take-off capacity in Rhizophagus grandis Gyllenhal in windtunnel experiments. At the age of three weeks, the insects were at their highest take-off capacity at about 80 %. This was followed by a steady decrease, 7 % of the insects failing to take-off each month. Changes in the fat reserves during cold storage could explain at least partly this reduction of flight capacity although there was no significant difference in fresh weight between insects that were able/unable to take-off. Sex had a significant influence on take-off rates, with an 8.7 % higher take-off rate in females. Take-off capacity was further reduced when the insects were mass-produced in cultures using parent beetles submitted to a blend of synthetic oviposition stimulants instead of live prey larvae. Response to synthetic attractants by those insects which took-off, however, was not influenced by cold storage or by the use of synthetic stimulants in the culture medium.
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The specific predator, Rhizophagus grandis Gyllenhal has been widely used in biological control programmes against the greater spruce beetle, Dendroctonus micans (Kugelann) (Coleoptera: Scolytidae) in the Republic of Georgia (Kobakhidze, 1965) , in France (Gr6goire et al., 1984) , in the United Kingdom (King & Evans, 1984) and in Turkey (N.
Uslu, personnal communication). Different techniques of mass-production have been used for this insect (Kobakhidze et al., 1968; Gr6goire et al., 1985 Gr6goire et al., , 1986 Gr6goire et al., , 1992a King & Evans, 1984) . One common feature of these techniques is that they involve cold storage of the mass-produced beetles for a period of a few days to several months, between production and releases.
Prey location is achieved by flight. It is therefore essential that the released beetles keep their fullest flight capacities. We demonstrate here that, under laboratory conditions, there is a reduction in take-off capacity which is correlated with age and that rearing techniques influence take-off rates. Response to kairomones, however, is independent of age and of rearing techniques.
MATERIAL AND METHODS

WINDTUNNEL
The windtunnel is similar in many respects to that described by Wyatt et al. (1993) . It is 2 m long, 0.6 m wide and 1.2 m high. The lateral walls, floor and ceiling are made of 6 mm thick glass plates. Access is allowed by sliding lateral glass plates. The upwind and downwind walls are made of nylon gauze allowing free movement to the airflow but not to the insects. The windtunnel is lit from above by five fluorescent tubes (Philips TLD 58W/33) hanging 25 cm above the transparent ceiling. A gentle airflow (ca 0.05 m/s) is produced by a fan situated upwind. The airflow is made laminar by passing it through a honeycomb structure placed immediately upwind of the gauze screen.
INSECT PRODUCTION AND CONDITIONING
Insects were mass-reared using pieces of fresh spruce bark and live larvae of D. micans as described by Grrgoire et al. (1986) . After metamorphosis, the adults were stored in moist bark powder in a refrigerator at 3-7 ~ Prior to the experiments, the insects were sorted by sex and kept for 12 h in a polystyrene Petri dish on moist filter paper at 20-23 ~ under the lights of the windtunnel. Six batches of 50-70 insects (3 sets of 2 batches of insects of different ages ; 1 batch of males, 1 of females for each age) were tested dally. Ages to be tested each day were selected at random. Each insect was only tested once.
For assessing the effect of age on take-off, insects from several origins (Loz~re, France ; Tervueren, Belgium) and from different lab generations (F2, F3, F4) were used. Insects used for assessing a possible link between fresh weight and take-off capacity also came from Loz~re and Tervueren breeding stocks (F2 or F3).
TAKE-OFF RATES
The preconditioned insects were placed in the windtunnel's centre, 1 m downwind of the screen, on a take-off platform (see Wyatt et al., 1993) . A 20 x 32 cm tray was placed under the platform, to collect the insects which had not taken-off. After 20 rain, the insects outside the tray were counted to determine the take-off rates. In some batches the insects were weighed individually after the experiments using a Mettler AE 163 electronic balance with an accuracy of 0.1 mg. Take-off rates (x) were analysed using linear regression and analysis of variance on transformed data ( y = 2 arcsin V~x ).
INFLUENCE OF AGE AND REARING TECHNIQUES ON RESPONSE TO ATTRACTANTS
The possibility that age and rearing techniques might also influence orientation to prey was investigated by analysing from this standpoint a set of results published previously (Gr6goire et al., 1992b) , and bearing on response of R. grandis to attractants mimicking prey odour. Response to various mixtures of synthetic chemicals had been compared to response to prey Crass in a windtunnel, following an experimental procedure first described by Wyatt et al. (1993) . Several mixtures were as attractive as Crass to flying beetles.
These mixtures and Crass provided therefore a homogeneous set of attraction rates which could be subsequently matched against age of the beetles for the purposes of the present analysis. The results of 35 tests were used, involving insects l, 2 or 3 months old (respectively 8, 23 and 4 tests). As two rearing methods had been used for producing the insects tested in these experiments [oviposition boxes containing either live D. micans larvae (29 tests) or 6 doses of oviposition stimulants (6 tests) ; for details concerning rearing techniques with oviposition stimulants see Gr6goire et al. (1991 Gr6goire et al. ( , 1992a ], rates of response to attractants were also matched against rearing methods.
RESULTS
TEMPORAL CHANGES IN TAKE-OFF CAPACITY
Males and females displayed clear changes in take-off capacity with age ( fig. 1 ). Both age and sex independently influenced take-off capacity (two-way analysis of variance, transformed data. Overall, a higher proportion of females (8.7 %) than of males took-off. For both sexes, there was an increase in take-off capacity, starting at around 40 % just after metamorphosis and reaching a peak of around 80 % after 3 weeks. Take-off rates then steadily declined. These changes in time are satisfactorily accounted for by linear functions fitted to transformed data. Among the males, aging accounted for a large part of the total variation in take-off [from 0 to 3 weeks : r 2 = 0.83 (p < 0.01, 6 d. f.) ; from 3 weeks to 11 months : r 2 = 0.86 (p < 0.0005, 54 d. f.)]. The same influence of ageing was also observed among females [from 0 to 3 weeks: r2=0.84 (p<0.01, 6d. f.); from 3 weeks to 11 months: r 2 = 0.80 (p < 0.0005, 55 d. f.)]. The combined take-off rates for both sexes could also be fitted to linear functions [from 0 to 3 weeks : r 2 --0.79 (p < 0.0005, 14 d. f.) ; from 3 weeks to II months : r 2 = 0.81 (p < 0.0005, 111 d. f.) see fig. 2 ]. From 3 weeks onward, the beetles lost a monthly average of 7 % take-off capacity. 
FLIGHT MUSCLES AND FAT BODIES
In several cases, flight capacity in beetles has been related to fat body size (Atkins 1969 (Atkins , 1975 Botterweg 1982 ; Jactel 1991) , or to flight muscle size . A global assessment of these factors has been undertaken in an experiment where the beetles were weighed after take-off tests. Fresh weight was independent of take-off success, but not of sex ; females were lighter than males (two-way ANOVA ; take-off success : F = 0.46, p=0.499, 1 d. f. ; sex : F=69.12, p<0.0005, 1 d. f. ; interaction : F=0.54, p=0.443, 1 d. f.).
Histological preparations (along the frontal plane) suggested that, whatever the sex, them is no obvious difference between the flight muscles and fat bodies of "flyers" and "non flyers". The mrgostemal, dorsal, and medial-longitudinal muscles could be clearly distinguished ; light pink in colour, they had a remarkably smooth and regular aspect. They filled the thoracic space throughout the beetles' life. The fat bodies, however, seemed to vary in aspect and volume with time. At 7 months, they were well developed close to the alar muscles. Their aspect was that of a clustering of swollen globular structures. From 9 months onward, the fat bodies were no longer closely attached to the thoracic muscles ; but had an alveolar aspect with less swollen, less abundant and denser globular structures.
ADDITIONAL EFFECTS OF MASS-REARING METHODS ON TAKE-OFF CAPACITY
Until mid-1991, mass-rearings were based on the use of live larvae of D. micans for providing oviposition stimulants for the parent predators (Grtgoire et al., 1986) . All the tests previously described were performed with insects produced with this technique. Later, natural prey was replaced in some instances by dead Calliphora larvae and a mixture of synthetic stimulants (GrEgoire et al., 1992a) . A possible effect of this change in rearing method on offspring take-off capacity was investigated. Three rearing methods were compared : i) D. micans larvae ; ii) 3 doses of 50 lal of synthetic stimulants in the rearing boxes; iii)6 doses of 50 ~tl of synthetic stimulants in the rearing boxes. A three-way ANOVA showed a significant effect of the rearing methods (F = 142.77; p < 0.0005; 2 d. f. : see fig. 3 ), an effect of age (thus confirming all earlier results : F = 9.31 ; p = 0.004 ; 1 d. f.) but no effect of sex (f = 1.24 ; p = 0.271 ; 1 d. f.). Also, there were no significant 2-or 3-way interactions. 
DISCUSSION
Our results show the influence that aging and rearing methods exert on take-off capacity in R. grandis. These factors should therefore be carefully taken into account when releases of these predators are planned. We also provide a fast and convenient technique for assessing take-off in mass-produced beetles. In practice, we have used this technique as a quality control test since 1993. Other quality control tests currently in use concern survival and reproduction.
Quality control has been a growing concern in biological control for the last 20 years. To date, it has been mostly applied to arthropod species used for inundative release methods (e.g. Trichogramma spp.) or for seasonal inoculative release methods (e.g. Encarsia formosa Gahan, Phytoseiulus persimilis Athias-Henriot) (Bigler, 1989 ; Bigler et aL, 1991 ; Noldus, 1989; van Lenteren & Steinberg, 1991; van Lenteren, , 1993 . Beneficial organisms used for inoculative releases have so far not been much studied from this standpoint, even though the individual value of such organisms (each as the founder of a long-term colony) might exceed that of organisms used in inundative releases.
Quality control is each time a difficult compromise between what we would find "nice to know" and what we "need to know" (Leppla & Fisher 1989) , and choices depend upon each species' characteristics. Rhizophagus grandis is released in small numbers in forest stands infested by Dendroctonus micans and is expected to disperse over several hundred metres and find its prey, even if the latter is at very low densities (Grtgoire et al., 1985 ; Fielding et al., 1991) . Optimal dispersal and prey location capacities are therefore needed, and such features must be controlled in mass-produced insects, aside from the more usual controls on longevity and fecundity. An additional characteristic of R. grandis is the fact that adults may be subjected to cold storage for several months before they are released. This is unusual in mass-production of arthropods for biological control. In Aphidoletes aphidimyza (Rondani) , storage (at 25 ~ does not exceed 12-15 days, in Aphidius matricariae Haliday, 6-7 days, in Encarsia formosa, 4-5 days (Enkegaard & Reitzel, 1991) . Stinner (1977 and references therein) reports that it is possible to store Chrysopa carnea .,I,1f1,.
AGE (months) Fig. 4 . Relationship between response rates to attractants (transformed) and age of the beetles.
hominivorax (Coquerel) when reared for similar purposes (Bush et al., 1976) . Bigler et al. (1991) have started to use flight propensity as a quality control criterion for Trichogramma evanescens Westwood and T. minutum Riley. For this last species, the quality of massproduced insects in China is also controlled by testing flight propensity (Noldus, 1989) . Simple techniques for assessing flight propensity have been developed by Enkegaard & Reitzel (1991) for Encarsia formosa, Aphidius spp. and Aphidoletes aphidimyza.
In Rhizophagus grandis, changes in flight propensity were related to ageing. Although a crude approach, the two linear functions used to describe these relationships fitted extremely well to the data. After an optimum take-off capacity at three weeks, this dropped by 7 % each following month. Release strategies would need to be adapted by the addition of 7 % more insects for each month spent in cold storage. A more detailed analysis of take-off rates shortly before and after three weeks is still needed to obtain a clearer picture of the changes occuring around this turning point.
In our histological observations, flight muscles were not altered through time, but fat bodies were. This last phenomenon might have been responsible for this gradual loss in flight propensity in R. grandis, as fat reserves are directly used for flight in several other insects such as the bark beetles Dendroctonus ponderosae (Atkins, 1969 (Atkins, , 1975 and Ips calligraphus (Siansky & Haack, 1986) . However, reduction of the fat bodies was observed in R. grandis only after 9 months at 3-7 ~ and may not be directly related to early changes in take-off capacities. Such an independence between the state of the fat bodies and flight capacity has been recorded in the bark beetles Ips typographus (Botterweg, 1982) , and lps sexdentatus (Jactel, 199I) . In Dendroctonus pseudotsugae, fat reserves are used only after sustained flight. Initially, the insects use glucids (glycogen, trehalose) stored in their flight muscles (Thompson & Bennett, 1971) , as do other insects such as locusts and aphids (Chapman, 1971) . Measuring glucids in the flight muscles of R. grandis might provide a clue to the causes of age-related losses in take-off capacity in this species. Furthermore, the possibility of using a diet rich in glucids for restoring take-off capacity to older beetles should be explored. Morphological changes at cellular level could constitute other possible causes for age-related changes in take-off capacity. For example, in Musca domestica, Rockstein & Miquel (1974) report an increase in number and size of the mitochondria present in alar muscles during the first two weeks of imaginai life. After this, the mitochondria clearly decreased in numbers and size. These changes were correlated respectively with an increase in take-off rates during the first 15 days, then with a decrease in take-off rates.
In our experiments, the use of oviposition stimulants had an influence on flight propensity in R. grcmdis. The mechanisms for this are unknown, but it should be noticed that the insects underwent only short exposure to these chemicals (i.e. 8 days for egg incubation plus 4-5 days as larvae) before the larvae were transferred to stimulant-free containers. As take-off capacity is reduced by approximately 20 % when 3 doses of oviposition stimulants have been used for producing the insects, an economic appraisal must be made where the costs of using live prey (D. micans) in the oviposition boxes must be put in balance with the losses due to artificial stimulants. Since the cost of using live prey varies with their scarcity in the field, such an economic appraisal would have to be run regularly. As a basis, the cost of producing D. micans should not exceed 20 % of the total cost if artificial stimulants are to be avoided:
Although concerned with a limited age range, the analysis of previously published results suggests that orientation to prey (in the present case response to prey frass or to a synthetic mixture of chemicals mimicking prey odour) was not age-dependent nor correlated in any other way with take-off capacity. Rearing methods had no influence either. In other mass-produced arthropods though, dietary effects on response to kairomones have been observed (Dicke et al., 1989) . P,~StrME La capacit6 d'envol comme crit~re de contr61e de qualit6 pour la production en masse du pr~xlateur, Rhizophagus grandis (Col. : Rhizophagidae) en vue de la lutte biologique contre le seolyte, Dendroctonus micans (Col. : Scolytidae).
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